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The full nucleotide sequences of DNA ribosome cluster of Leucochloridium parado¬ 
xum Cams, 1835 and L. perturbation Pojmanska, 1967 were obtained. rDNA was extracted 
from 40 isolates of Leucochloridium sp. and analyzed using specific primers. The intraspe¬ 
cific genetically identity of morphologically detected L. paradoxum and L. perturbatum 
sporocysts was proven. A noticeable interspecific divergence between L. paradoxum and 
L. perturbatum was indicated. Using rDNA genotyping a case of double infection of snail 
Succinea sp. with L. paradoxum and L. perturbatum sporocysts was detected. 
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B HCCJie^oBaHHH BnepBBie nojmocTBio pacniH(j)poBaHa HyKJieoTH^Haa nocjie,zjoBaTejiBHOCTB pn- 
6ocoMHoro KJiaCTepa JI.HK TpeMaTO,zj Leucochloridium paradoxum Cams, 1835 h L. perturbatum 
Pojmanska, 1967. C noMoiijBio no,zjo6paHHBix npanMepoB npoaHaurmipoBaHo 40 o6pa3ijoB p/fHK 
TpeMaTOfl, OTHOCflmHXCfl k 3thm BH^aM. C HcnoJiB30BaHueM MOJieKyiuipHoro reHOTHnnpoBaHHfl 
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ncOTBepTOeHbi bH yTp hb ii,qoBaa reHeTHHecKaa o^Hopo^HOCTb 3THX bh^ob h 3HaHiiTenbHbie Me>KBii- 
ROBbiQ pa3niiHiia Me^y hhmh. Ilo^TBep)K^eH cjiynan ^BOHHoro 3apa>KeHiia mojuiiockob Succinea 
sp. TpeMaTO,qaMii .zjByx iiccjie^oBaHHbix bii^ob Leucochloridium. 

Kmoveebie cjiobct . Leucochloridium paradoxum , L. perturbatum, p^HK, TpeMaTO^bi, reHeTiine- 
CKHH noniIMOp(J)II3M, ITS. 


Leucochloridium sporocysts are well known among biologists for their bro- 
odsacs which are surprisingly similar to insect’s larvae. Vivid colored broodsacs 
attract different birds that eat them and get metacercariae located in them. Un¬ 
fortunately, our knowledge about these trematodes is generally based on the re¬ 
sults of old researches (Woodhead, 1935; Ginetsinskaya, 1953, 1968; Pojmans- 
ka, 1967). The shape and color of broodsacs are the classical species characte¬ 
ristics of Leucochloridium sp. trematodes (Pojmanska, 1962, 1967; Lewis et al., 
1977; Bakke, 1980). 

Few contemporary studies are mainly devoted to the applicability of modem 
approaches for species identification of these flukes (Bakke, 1980; Casey et al., 
2003). In particular, molecular-genetic analysis of sporocysts rDNA (Zhukova 
et al., 2012) confirmed the objectivity of morphological criteria for identificati¬ 
on of L. paradoxum (green broodsacs) and L. perturbatum (brown broodsacs). 
These data allow uniquely identifying the cases of finding the green and brown 
broodsacs in the same snail as a result of double infection. It is almost impossib¬ 
le to separate stolons of different sporocysts, so this phenomenon was explained 
as intraspecific polymorphism (Wesenberg-Lund, 1931). 

Despite of a high necessity of molecular-genetic approaches to identification 
of trematode species, and, in particular, development of genetic markers, such 
as rDNA, full sequence of trematodes ribosome gene cluster is not represented 
in current databases. The lack of systematic genetic information requires additi¬ 
onal efforts to design primers and assembles long sequences from short frag¬ 
ments. In addition, available genetic information is based on relatively small 
sampling. The present study, which is based on information obtained from large 
sample of snails, confirms objectivity of molecular-genetic criteria. 


MATERIAL AND METHODS 

Succinea sp. snails, the intermediate hosts of Leucochloridium spp., were 
collected in Vyritsa and Lyuban towns of Leningrad Oblast (Russia). Forty spo¬ 
rocysts (28 with green broodsacs and 12 with brown broodsacs) from all the 
snails were dissected under a stereomicroscope. Species identification of sporo¬ 
cysts was performed basing on two key morphological features: the broodsac 
shape and color (Pojmanska, 1967; Ginetsinskaya, 1968; Bakke, 1982; Ataev et 
al., 2013a, b). 

Trematode chromosome DNA was extracted from nuclei using a standard 
phenol-chloroform procedure (Maniatis et al., 1989). All DNA specimens were 
deposited at the DNA Bank of the Laboratory of Experimental Zoology of the 
Herzen State Pedagogical University of Russia. 

The genetic intra- and interspecific polymorphism of rDNA nucleotide sequ¬ 
ences was investigated. Complete sequence of Leucochloridium spp. rRNA was 
amplified using primers designed basing on previously reported sequence infor¬ 
mation: fragments of Leucochloridium sp. rDNA cluster (Zhukova et al., 2012) 
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Table 1 


Specific primers used in the present study 


JSfo 

Direction 

Nucleotide sequence (5'—3') 

Number of bases 

1 

F 

ATGCT CT G ATGGT ATGCTCGT AG 

23 


R 

TTTCCTCCGCTTAGTGATATGC 

22 

2 

F 

TCCTGGTAAGTGCAAGTCATAAG 

23 


R 

CTGCACTCTTCATCGACACAC 

21 

3 

F 

TACT AA CAT ATGAGGTGCCAGATC 

24 


R 

TACTCATTGCTGGACTTAGGG 

21 

4 

F 

TGATGGTAGTGTGTGTCTCGC 

21 


R 

CGTT ACCCGTT AT C ACC AT G 

20 

5 

F 

CGGGTTGTTTGTGAATGCAG 

20 


R 

CTTAGCCATCAGCAGACCCAC 

21 

6 

F 

GTACCACCAAGCGTTTGAGC 

20 


F 

CGGCCTAGCCGAACACATAA 

20 

7 

R 

ACAGTCGTGTAAGCGGGATG 

20 


F 

GTCAGGGCATAGTGGCATGTA 

21 


(table 1, lines 2—4, 7), rDNA fragments from GeneBank of Leucochloridium 
sp. (AY258145.1) (table 1, line 1), Schistosoma japonicum (EU83570) (table 1, 
line 6) and Caenorhabditis elegans (X03680) (table 1, line 4). Gene Runner 
(http://www.generunner.com) and Primer 3 (https://www.ncbi.nlm.nih. gov/to- 
ols/primer-blast) were used for the primers’ design. Individual specimens of tre- 
matodes DNA (n = 40) were used for PCRs by the standard method (Prokhoro¬ 
va et al., 2010) with modifications of specific primers annealing temperature 
and time of elongation. 

PCR products were sequenced by genetic analyzer ABI PRISM 310 (Appli¬ 
ed Biosystems, USA) in the Laboratory of Neurogenetics of the Pavlov Institute 
of Physiology of the Russian Academy of Sciences. Sequences were analyzed 
and aligned using BioEdit (http://www.bioedit.co.uk) and Mega 3.0 (http://me- 
gasoftware.net/). 


RESULTS AND DISCUSSION 

According to morphological analysis, all sporocysts isolated from infected 
snails Succinea sp. were classified as L. paradoxum Cams, 1835 (green brood- 
sacs) and L. perturbatum Pojmanska, 1967 (brown broodsacs) (fig. 1 ,a,b, see 
inset). We registered the case of snail double infection: sporocysts with different 
morphology of broodsacs were revealed in the snail tentacles. It was impossible 
to separate their stolons one from another (fig. 1, b). Only sporocysts’s brood¬ 
sacs were used for the molecular analysis. 

Information on 7 rDNA fragments (fig. 2, see inset) that span about 5000 bp 
rDNA fragment was obtained. This fragment includes nucleotide sequences en¬ 
coding 18S, 5.8S and 28S rRNA sequences, external transcribed spacers 1 and 2 
(ETS1 and ETS2), internal transcribed spacers 1 and 2 (ITS1 and ITS2). As the 
result, the nucleotide sequence of 4444 bp rDNA was received for each of 
40 samples of sporocysts DNA (fig. 3). 
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Fig. 1. Leucochloridium paradoxum and L. perturbatum sporocysts. 
a — the double infected Succinea sp. mollusc. Sporosysts's broodsacks of different Leucochliridium species 
sprouted into tentacles of the snail; b — isolated sporocysts of L. paradoxum and L. perturbatum intertwined one 

with other by their stolons. 
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Fig. 2. Agarose gel electrophoresis of PCR products received using Leucochloridium rDNA region 
specific primers. Ordinal numbers of primers (table 1) are indicated. 

M — 100 bp DNA ladder. 



LPAR 7 - TGCGAATGGC TCATTAAATC AGCTATGGTT CCTTAGATCA TAAATACTAC ATGGATAACT GTAGTAATTC 
LPER 7 - TGCGAATGGC TCATTAAATC AGCTATGGTT CCTTAGATCA TAAATACTAC ATGGATAACT GTAGT AATTC 

LPAR 70 -TAGAGCTAAT ACATGCCACT ATGCCCTGACCCGCAAGGGA ATGGGTGGAT TTATTAGAAC AGAACCAACC 
LPER 70 -TAGAGCTAAT ACATGCCACT ATGCCCTGAC CCGCAAGGGA ATGGGTGGAT TTATTAGAAC AGAACCAACC 

LPAR 140- AGAAATAGTT TCGGCTATTT CTGTTGTACT CTGTGATGAC TCTGGATAAC TTCACTGATC GCAGTCGACC 
LPER 140- AGAAATAGTT TCGGCTATTT CTGTTGTACT CTGTGATGAC TCTGGATAAC TTCACTGATC GCAGTCGACC 

LPAR 210- TTGTGTCGGC GACGGATCTT TCAAATATCT GCCCTATCAA CTGTCGATGG TAGGTGACCT GCCTACCATG 
LPER 210- TTGTGTCGGC GACG GAT CTT TC AAATAT CT GCCCTATCAA CTGTCGATGG TAGGTGACCT GCCTACCATG 

LPAR 280- GTGATAACGG GTAACGGGGA ATCAGGGTTC GATTCCGGAG AGGGAGCCTG AGAAACGGCT ACCACTTCCA 
LPER 280- GTGATAACGG GT AACGGGGA AT CAGGGHC GATTCCGGAG AGGGAGCCTG AGAAACGGCT ACCACTTCCA 

LPAR 350 - AGGAAGGCAG CAGGCGCGAA AATTACCCAC TCCCGGCACG GGGAGGTAGT GACGAAAAAT ACGAATACGG 
LPER 350 - AGGAAGGCAG CAGGCGCGAA AATTACCCAC TCCCGGCACG GGGAGGTAGT GACGAAAAAT ACGAATACGG 

LPAR 420 - GACTCAATTG AGGCTCCGTA ATTCGAATGA GTACACTTTA AATCCTTTAA CGAGGACCAA TTGGAGGGCA 
LPER 420 - GACTCAATTG AGGCTCCGTA ATTCGAATGA GTACACTTTA AATCCTTTAA CGAGGACCAA TTGGAGGGCA 

LPAR 490- AGTCTGGTGC CAGCAGCCGCGGTAACTCCA GCTCCAAAAG CGTATATTAA AGTTGCTGCA GTTAAAAAGC 
LPER 490- AGTCTGGTGC C AGCAGCCGC GGTAACT CCA GCTCCAAAAG CGTATATTAA AGTTGCT GCA GTTAAAAAGC 

LPAR 560- TCGTAGTTGGATCTGGGTCGTGTGGTCACA TACCGTTGCT TGTTCTACTA TCTTGATTAA AATCGAGACA 
LPER 560- TCGTAGTTGGATCTGGGTCGTGTGGTCACA TACCGTTGCT TGTTCTACTA TCTTGATTAA AATCGAGACA 

LPAR 630- GTAGT ACGGG TCGGTGTAGT GACCGTGCAA CC TT TCAGT C GT GTC TGT GT A A ACAGGT GT TGGTTTAGTT 
LPER 630- GTAGT ACGGG TCGGTGTAGT GACCGTGCAA CC TT TCAGT C GT GTC TGT GT A A ACAGGT GT TGGTTTAGTT 

LPAR 700- AATAGGTTCG CCCTATTAGC TTGCTAACATGCTTCCGGATGCCTTTAAAC GGGTGTCGGG GGCAGACGAC 
LPER 700- AATAGGTTCG CCCTATTAGC TTGCTAACAT GCTTCCGGAT GCCTTTAAAC GGGTGTCGGG GGCAGACGAC 

LPAR 770 - ACTTTTACTT TGAACAAATT TGAGTGCTCA AAGCAGGCTT GTATGCCTGA AAATTCTTGC ATGGAATAAT 
LPER 770 - ACTTTTACTT TGAACAAATT TGAGTGCTCA AAGCAGGCTT GTATGCCTGA AAATTCTTGC ATGGAATAAT 

LPAR 840- AGAATAGGAC TTCGGTTCTA TTTTGTTGGT TCTCGGATCC GAAGTAATGG TTAAGAGGGA CAGACGGGGG 
LPER 840 AGAATAGGAC TT CGGTTCTA TTTTGTTGGT TCTCGGATCC GAAGTAATGG TTAAGAGGGA CAGACGGGGG 

LPAR 910- CATTTGTATG GCGGTGTTAG AGGTGA AATT CTTGGATCGCCGCCAGACAA ACTACAGCGA AAGCATTTGC 
LPER 910- CATTTGTATG GCGGTGTTAG AGGTGA AATT CTTGGATCGC CGCCAGACAA ACTACAGCGA AAGCATTTGC 

LPAR 960- CAAGAATGTT TTCATTGATCAGGAGCGAAA GTCAGAGGAT CGAAGACGAT CAGATACCGT CCTAGTTCTG 
LPER 960- CAAGAATGTT TTCATT GAT C AGGAGCGAAA GTCAGAGGAT CGAAGACGAT CAGATACCGT CCTAGTTCTG 

LPAR 1050- ACCATAAACG ATGCCAACTG ACGATCCGCG GTGGTTCTTTAATTGGCTCCGCGGGCAGTC CCCGGGAAAC 
LPER 1050- ACCATAAACG ATGCCAACTG ACGATCCGCG GTGGTTCTTT AATTGGCTCCGCGGGCAGTC CCCGGGAAAC 


LPAR 1120- CTTTAAGTCT TTGGGCTCCG GGGGAAGTAT GGTTGCAAAG C TGAAACTTA AAGGAATTGA CGGAAGGGCA 
LPER 1120- CTTTAAGTCT TTGGGCTCCG GGGGAAGTAT GGTT GCAA AG C TGA A ACTTA AAGGAATTGA CGGAAGGGCA 

LPAR 7790- CCACCAGGAG TGGAGCCTGC GGCTTAATTCGACTCAACAC GGGAAAACTC ACCCGGCCCG GACACTGTGA 
LPER 7790- CCACCAGGAG TGGAGCCTGC GGCTTAATTC GACTCAACAC GGGAAAACTC ACCCGGCCCG GACACTGTGA 

LPAR 1260 - GGATTGACAG ATTGATAGCT CTTTCTTGAT TCGGTGGTTG GTGGTGCATG GCCGTTCTTA GTTGGTGGAG 
LPER 7260 - GGATTGACAG ATTGATAGCT CTTTCTTGAT TCGGTGGTTG GTGGTGCATG GCCGTTCTTA GTTGGTGGAG 

LPAR 7330- CGATTTGTCT GGTT AATT CC GATAACGAAC GAGACTTT GA CCTACTAAAT AGTTCGCCTG TCCTCTGTGC 
LPER 7330- CGATTTGTCT GGTTAATTCC GATAACGAAC GAGACTTT GA CCTACTAAAT AGTTCGCCTG TCCTCTGTGC 

LPAR 7400- TCGTGCAGATTGCGGCnCT ACTGCCTCTT CGAGGGGTGA TAGGGTCGTA AATCGACGGG TACGGTGCAG 
LPER 7400 - TCGTGCAGATTGCGGCTTCT ACTGCCTCTT CGAGGGGTGA TAGGGTCGTA AATCGACGGG TACGGTGCAG 

LPAR 1470 - GTGTTAACTT CTTAGAGGGA CAAGCGGCAC ACAAGTCGCA CGAAATTGAG CAATAACAGG TCTGTGATGC 
LPER 1470- GTGTTAACTT CTTAGAGGGA CAAGCGGCAC ACAAGT CGCA CGAAATTGAG CAATAACAGG TCTGTGATGC 

Fig. 3. The alignment of rDNA sequences of Leucochloridium paradoxum and L. perturbatum. 

1—1837 : fragment encoding 18S rRNA, 1838—2521 — internal transcribed spacer (ITS)l, 2522—2681 — 
fragment encoding 5.8S rRNA, 2682—3039 ITS2, 3040—4451 — fragment encoding 28S rRNA. Sequences of 
internal transcribed spacers <ITS 1 and ITS2), are indicated by extra bold. Differences in nucleotide sequences are 
designated. The numbering system used in the alignment represents nucleotides positions in the analyzed sequen¬ 
cing protocols. 
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LPAR 

1540 

LPER 

1540 

LPAR 

1610 

LPER 

1610 

LPAR 

1680 

LPER 

1680 

LPAR 

1750 

LPER 

1750 

LPAR 

1820 

LPER 

1820 

LPAR 

1890 

LPER 

1890 

LPAR 

1960 

LPER 

1960 

LPAR 

2030 

LPER 

2030 

LPAR 

2100 

LPER 

2100 

LPAR 

2170 

LPER 

2170 

LPAR 

2240 

LPER 

2240 

LPAR 

2310 

LPER 

2310 

LPAR 

2380 

LPER 

2380 

LPAR 

2450 

LPER 

2450 

LPAR 

2520 

LPER 

2520 

LPAR 

2590 

LPER 

2590 

LPAR 

2660 

LPER 

2660 

LPAR 

2730 

LPER 

2730 

LPAR 

2800 

LPER 

2800 

LPAR 

2870 

LPER 

2870 

LPAR 

2940 

LPER 

2940 

LPAR 

3010 

LPER 

3010 


- CCTTAGATGT CCGGGGGCGC ACGTGCGGTA CAATGACGGT GTCAGCGAGT CTGGAAACCT GGCCCGAAAG 

■ CCTTAGATGT CCGGGGCCGC ACGT GCGCTA CAAT GACGGT GTCAGCGAGT CTGGAAACCT GGCCCGAAAG 

■ GGTTGGGTAA ACTGTTCCAT CACCGTCGTG ACTGGGATCG GGGCTTGCAA TTATTCCCCG TGAACGAGGA 

■ GGTTGGGTAA ACTGTT CCAT CACCGTCGTG ACTGGGATCG GGGCTTGCAA TTATTCCCCG TGAACGAGGA 

- ATTCCTGGTA AGTGCAAGTC ATAAGCTTGC GCTGATTACG TCCCTGCCCTTTGTACACAC CGCCCGTCGC 

- ATTCCTGGTA AGTGCAAGTC ATAAGCTTGC GCT GATTACG TCCCTGCCCT TTGTACACAC CGCCCGTCGC 

■ TACTACCGAT TGAATGGTTT AGCAAGGTCC TCGGATTGGT GATGTTGTAG TGACTTTTGT CACATGAACT 

■ TACTACCGAT TGAATGGTTT AGCA AGGTCC TCGGATTGGT GATGTTGTAG TGACTTTTGT CACATGAACT 

- GTGCCAAGAA GACGACCGAA CTTGATCATT TAGAGGAAGT AAAAGTCGTA ACAAGGTTTC CGTAGGTGAA 

■ GTGCCAAGAA GACGACCGAA CTTGATCATT TAGAGGAAGT AAAAGTCGTA ACAAGGTTTC CGTAGGTGAA 


- CCT GCGGA AG GAT CATTACA AATCCCTAAT TATTAAACCA TTATTATCAT ACATATGTGC ATGTGTGCAT 

- CCT GCGGA AG GAT CATTACA AATCCCTAAT TATTAAACCA TTATTATCAT ACATATGTGC ATGTGTGCAT 

■ GTATGTATGT ATAAAAGTCT ACTTGATGTT TGGTATTTAA AAGTAACTAA ACATTAAAAG ACT ATAA ATT 

- GTATGTATGT ATAAAAGTCT ACTTGATGTT TGGTATTTAA AAGTAACTAA ACATTAAAAG ACTATAAATr 

- TATATGTAAA CAATATTAAT ATTTATTAAA AGAAATTGAC GGATGGATTT TATGGATCCG CGGCTTAGGG 

- TATATGTAAA CAATATTAAT ATTTATTAAA AGAAATTGAC GGATGGATTT TATGGATCCG CGGCTTAGGG 

- CTATGCCTAT CAATTTAAAT TTGTTATGCA TAGTGCCTGT GTTAGACGAG GTGTCTAACC TGTCAGATGC 

- CTATGCCTAT CAATTTAAAT TTGTTATGCA TAGTGCCTGT GTTAGACGAG GTGTCTAACC TGTCAGATGC 

- TCTG-TGTGT AAGTTCAGCG GGTAATCC CA CCAGATGTTG CTATCCTACT AATCTACCAG TCATGCTTAG 
-TCTGATG-GT ATGCTC - GTA GATT AT--TA TTA nAnA ITATTATAGT AAACTACCAG TCATGCTTGG 

- AGCGACAGGATAGTACTGTG TACAACACTG TGCTAGGCTC AAAGAGGAGTGCAGGACTAC GGACCGGCTC 

- AGC GAC AGG A T AGT ACT GT G TACAACACTG TGCTAGGCTC AAAGAGGAGT GCAGGACTAC GGACCGGCTC 

- CCGCCTCATT TGTTGTTAIT TTAATTACTA TTATTACACT GTTTAAGCTA ACTAAATTAG ATTTAATTCT 

■ CCGCCTCATT TGTTGTTAAT HAAnACTA TTATTACACT GTTTAAGCTA ACTAAATTAG ATTTAATTCT 

- GATTTTGTT A GTTGAATAAT GGCATGCACC TG ATTGCT AG TCAATTGGAC TGCATGTGAC GAT CG CCT AG 

- GATTTTGTTA GTTGACTTAT GGCATGCACCTGATTGCTAG TCAATTGGAC TGCATGTGAC GATCGCCTAG 

- CGGTGCCTTA TCCTAGGCTC GATCGGTAAA TCGAAATGTT TGTTTTCATT AA^ TT-TT AATGAAACAA 

- CGGTGCCTTA TCCTAGGCTC GATCGGTAAA TCGAAATGTT TGTTTTCATT AATJJTCATT AATGAAACAA 

- ATAnGTACA ACTTTAAGCG GTGGATCACT CGGCTCGTGT GTCGATGAAG AGTGCAGCCA ACTGTGTGAA 

- ATAnGTACA ACTTTAAGCG GTGGATCACT CGGCTCGTGT GTCGATGAAG AGTGCAGCCA ACTGTGTGAA 

- TTAATGTGAA CTGCATACTG ctttgaacat CGACCTCTTG AACGCATATT GCGGCCACGG GATATCCTGT 

- TTAATGTGAA CTGCATACTG CTTTGAACAT CGACCTCTTG AACGCATATT GCGGCCACGG GATATCCTGT 


- GGCCACGCCT GGCCGAGGGT CGGCTTATAA ACTATCACGA TGCCCAAAAA GTCGTGGATT GGATGCTGTG 

- GGCCACGCCT GGCCGAGGGT CGGCTTATAA ACTATCACGA TGCCCAAAAA GTCGTGGATT GGATGCTGTG 

- CCAGCTGGCA TGATnCCTTi AATGTAGTA- -T^HAATA TACATACATA TGAGGTGCCA GATCTATGGC 

- CCAGCTGGCA TGATTTCCTC AATGTAGTATinAATTAATA TACTAACATA TGAGGTGCCA GATCTATGGC 

- TCCGTCCTAA TGTAT CCGGT TACAGCCAAG TCTATATnA HATAATATT AAATG™AA ATTGCTGTA- 

- TCCATCCTAA TGTATCCGGT TACAGCCAAG TCTATAnTA TTAT --TATT AAATGATAAA ATTGCTGTAT 

- - A -TGGAHA TGCTCAGGTC GTGGCTCAAT GAnnGAAC ACGCHGATG nA T A AT -' ^ T A TA?T-A T 

- TACTGGATTA TGCTCAGGTC GTGGCTCAAT GAHTTGAAC ACGCnGATG TTATAATC£A)TATATTAA TjT 

. ATATAAATAT AGACAnGGA TTAnnGTA GCCGAGGGAG TGTAAATACT CTATAAnTG GGTAATTTAT 
. ATATAAATAT AGACAnGGA TTAnnGTA GCCGATGGAG TGTAAATACT CTATAATATG GGTAATnAT 

-TGAHTATAT GATACCCTAA nATATATAT TATGACCCTG ACCTCGGATC AGACGTGAHACCCGCTGAA 

- TGAnTATAT GATACCCTAA TTATATATAT TATGACCCTG ACCTCGGATC AGACGTGATT ACCCGCTGAA 


Phc. 3 ( npodojiDfceuue ). 
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LPAR 3080 - cttaagcata tcactaagcg gaggaaaaga aactaaccag gattccccca gtaacggcga gtgaacgggg 

LPER 3080- CTTAAGCATA TCACTAAGCG GAGGAAAAGA AACTAACCAG GATTCCCCCA GTAACGGCGA GTGAACGGGG 

LPAR 3150- ATTAGCCCAG CACCGAAGCC TGTGACCATT TGGTTACTAG GCAATGTGGT GTTTAGGTCA ACTTATGGCA 
LPER 3150- ATTAGCCCAG CACCGAAGCC TGT GACCATT TGGTTACTAG GCAATGTGGT GTTTAGGTCA ACTTATGGCA 

LPAR 3220- TTATTGCTCT ACCCTAAGTC CAGCAATGAG TACGGCTTACTGGAATGGCC CATAGAGGGT GAAAGGCCCG 
LPER 3220- TTATTGCTCT ACCCTAAGTC CAGCAATGAG TACGGCTTACTGGAATGGCC CAT AGAGGGT GAAAGGCCCG 

LPAR 3290- TAAGGGTAGA GACCAAATGG ACAATAATGC CCTTAGTAGA CCTTGGAGTC GGGTTGTTTG TGAATGCAGC 
LPER 3290- TAAGGGTAGA GACC AAATGG ACAAT AATGC CCTTAGTAGA CCTTGGAGTC GGGTT GTTT G TGAATGCAGC 

LPAR 3360- CCAAAATGGG TGGTAAACTC CATCTAAGGC TAAATACTGA CACGAGTCCG ATAGCGAACA AGTACCGTGA 
LPER 3360- CCAAAATGGG TGGTAAACTC CATCTAAGGC TAAATACTGA CACGAGTCCG ATAGCGAACA AGTACCGTGA 

LPAR 3430- GGGAAAGTTG AAAAGTACTT TGAAGAGAGG GTAAACAGTG CGTGAAACCG CTTAAAGGTA AACGGGTGGA 
LPER 343 0- GGGAAAGTTG AAAAGTACT T T GAAGAGAGG GTAAACAGTG CGTGAAACCG CT TAAAGGT A AACGGGT GGA 

LPAR 3500- GTTGAACTGT AAGCCTTGGG AATTCAACTG GTAAGTATTA CATGAGCTTG GGCATTATTG GTCGACTTTT 
LPER 3500- GTTGAACTGT AAGCCTTGGG AATTCAACTG GTAAGTATTA CATGAGCTTG GGCATTATTG GTCGACTTTT 

LPAR 3570- AAAGTCTGCT TAGTTGCGGG TCCTTGACCT TTATTGGTTA AGGATGTGCG ATGCACTATT AAAGTGCTGT 
LPER 3570- AAAGTCTGCT TAGTTGCGGG TCCTTGACCT TTATT GGTTA AGGATGT GCG AT GCACTATT AAAGTGCTGT 

LPAR 3640- GCACTTTAAA AGTTGAAGGCCTGCTTGCCA GTGCACTTTC CCTTGGTGAT CACCACGACC GGCGCTGCTG 
LPER 3640- GCACTTTAAA AGTTGAAGGCCTGCTTGCCA GTGCACTTTC CCTTGGTGAT CACCACGACC GGCGCTGCTG 

LPAR 3710- TCTGTTTACT TT GATCAAAC CGATTTTGTC TAACCTTTAT GATT AG ACC T AATCGGGATG GCAGGTAGCT 
LPER 3710- TCTGTTTACT TT GATCAAAC CGATTTTGTC TAACCTTTAT GATT AG ACC T AATCGGGATG GCAGGTAGCT 

LPAR 3780- CATTGGTTAA TTGTTAGCTT TTGTTAACAA TTATCTTTGG GTGTAATCAG CTGATCATTG TAAATCTGTG 
LPER 3780- CATTGGTTAA TTGTTAGCTT TTGTTAACAA TTATCTTTGG GT GTAATCAG CTGATCATTG TAAATCTGTG 


LPAR 3850- CAGTGCGCCG GAGATGACGG CTATGGTGTG TGCATACGTG CTTTGCTAAT TGATGTTGCT TAGTCTGATC 
LPER 3850- CAGT GCGCCG GAGATGACGG CTATGGTGTG TGCATACGTG CTTTGCTAAT TGATGTT GCT TAGTCTGATC 

LPAR 3920- GGATTTGTTT ACTCACTTTT GTGGGTCTGC TGATGGCTAA GCTTCGTTCG ATTATCGGTA GCGTATGTGA 
LPER 3920- GGATTTGTTT ACTCACTTTT GT GGGT CT GC T GAT GGCTAA GCTTCGTT CG AT T AT CGGTA GC GTAT GT GA 

LPAR 3990- CACTAAATTG GGCCAATAGT CTGTGGTGTT GCGGTAGACG ATCCACCTGA CCCGTCTTGA AACACGGACC 
LPER 3990- CACTAAATTG GGCCAATAGT CTGTGGTGTT GCGGTAGACG ATCCACCTGA CCCGTCTTGA AAC ACGGACC 

LPAR 4060- AAGGAGTTTA ACATGTGCGC GAGTCATTGG GCGTTACGAA ACCCAAAGGC GTAGTGAAAG TAAAGGCTTA 
LPER 4060- AAGGAGTTTA ACATGTGCGC GAGTCATTGG GCGTTACGAA ACCCAAAGGC GTAGTGAAAG TAAAGGCTTA 

LPAR 4130- GCTTGTCTAA GCTGTGGTGA GATCCTGCCG TTTCTCGTGC CTGGTACCAC CAAGCGTTTG AGCGGTAGGC 
LPER 4130- GCTTGTCTAA GCTGTGGTGA GATCCTGCCG TTTCTCGTGC CTGGTACCAC CAAGCGTTTG AGCGGTAGGC 


LPAR 4200- GCATCACCAG CCCGTCTCAT GGTGTAGTCA TGTAACTTGT TATATGCATC ACCGGGGCGG AGCTTGAGCG 
LPER 4200- GCATCACCAG CCCGTCTCAT GGTGTAGTCA TGTAACTTGT TATATGCATC ACCGGGGCGG AGCTTGAGCG 

LPAR 4270- TACACGTTGA GACCCGAAAG ATGGTGAACT AT GCT T GC GC AGGT T GAAGC CAGAGGAAAC TCTGGTGGAG 
LPER 4270- TACACGTTGA GACCCGAAAG ATGGTGAACT ATGCTTGCGC AGGTTGAAGC CAGAGGAAAC TCTGGTGGAG 

LPAR 4340- GACCGTAGCG A TT CT GACGT GCAAAT CGAT CGTCTAAC GT GAGT AT AGGG GC G AAAGACT AATCGAACCA 
LPER 4340- GACCGTAGCG ATTCT GACGT GCAAAT CGAT CGTCTAAC GT GAGT AT AGGG GCG AAAGACT AATCGAACCA 

LPAR 4410- TCTAGTAGCT GGTTCCCTCC GAAGTTTCCC TCAGGATAGC A 
LPER 441 0- TCTAGTAGCT GGTTCCCTCC GAAGTTT CCC TCAGGATAGC A 


Phc. 3 (npodojiDtceHue). 
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Table 2 


ITS rDNAs sequences polymorphism detected among Leucochloridium paradoxum 

and L. perturbatum 


rDNA region 

Deletions/insertions 

Substitutions 

One nucleotide 
polymorphisms 

ITS1 

11 

21 

13 

ITS2 

17 

7 

5 


To the best of our knowledge, the present study reports the longest nucleoti¬ 
de sequence of trematodes rRNA genes cluster. The alignment demonstrated a 
full intrapopulation homology of tested rDNA regions from all L. paradoxum 
(n = 28) sporocysts. rDNA sequences of all L. perturbatum (n = 12) sporocysts 
were also identical. 

The differences in rDNA sequences between L. paradoxum and L. perturba¬ 
tum constituted about 1.31 %. As expected, sequences encoding 18S, 5,8S and 
28S rRNA were completely (100 %) identical. The highest degree of divergence 
was observed among internal transcribed spacers: 9.03 and 7.21 % for the ITS1 
and ITS2 respectively. All identified polymorphism was analyzed; the results of 
this analysis are presented in table 2 and fig. 3. 

As such, the use of molecular markers allows differentiation of L. parado¬ 
xum and L. perturbatum. Molecular data are congruent with morphological cri¬ 
teria (the shape and color of broodsacs), traditionally used for identification of 
Leucochloridium species. 

Together with the sequence analysis, simultaneous presence of green and 
brown broodsacs (fig. 1, a) in the same snail indicates simultaneous invasion by 
two different trematode species (double infection): L. paradoxum and L. pertur¬ 
batum. These data also suggest a possibility of simultaneous development of 
different species of Leucochloridium in the same snail. These finding may exp¬ 
lain the reason why many mature broodsacs are detected sometimes in a single 
snail (Wesenberg-Lund, 1931). 
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